Background: Childhood obesity prevalence remains high in the U.S., especially among racial/ ethnic minorities and low-income populations. Federal policy is important in improving public health given its broad reach. Information is needed about federal policies that could reduce childhood obesity rates and by how much.
Introduction
A lthough recent data suggest that childhood obesity has plateaued or begun to decline, prevalence remains high. 1, 2 In 2009-2010, nearly one in three U.S. youth aged 2-19 years were overweight or obese and 17% were obese. 3 Significant disparities in obesity prevalence persist among racial/ethnic groups and by SES. More Hispanic (21.2%) and non-Hispanic black (24.3%) youth were obese in 2009-2010 than nonHispanic white youth (14.0%). 3 Obesity is also higher among lower-income children than higher-income children. 4 Further, obese adolescents tend to remain obese as adults, 5, 6 making childhood the ideal time to prevent obesity. For these reasons, policymakers are interested in effective programs and policies to reduce childhood obesity.
States and localities are increasingly using laws, regulations, and other policy tools to promote healthy eating and physical activity (PA). 7 However, federal policies can reach larger populations and fund programs that benefit populations at risk for obesity, and thus play an essential role in improving public health. Information is needed about which federal policies could reduce childhood obesity rates and by how much. The purpose of this study is to estimate the impact of three federal policies on childhood obesity prevalence in 2032, after 20 years of implementation.
Methods
The methods used in this analysis are summarized below; see the Appendix for more details.
Microsimulation models are useful in informing health policy decision making. 8, 9 In 2012, a microsimulation model (developed in TreeAge, TreeAge Software, Inc.) examined how three federal policies affect obesity-related behaviors (PA and diet); BMI; and obesity prevalence in a simulated school-aged U.S. population. The model generated annual values for these measures based on demographic and behavioral variables and then aggregated individual estimates to create population-level results. The initial population was drawn randomly from a sample of simulated school-aged children (6-12 years) and adolescents (13-18 years) with demographic characteristics matching that of the U.S., using 2010 U.S. Census data.
The model's primary outcome variables were BMI and changes in the percentage of overweight or obese youth. Obesity and overweight were determined by comparing BMI values from the model to BMI values from CDC growth charts. The current CDC definitions of obesity (BMI at or above the 95th percentile for age and sex) and overweight (BMI at or above the 85th percentile and below the 95th percentile for age and sex) were used. 10 The microsimulation model estimated yearly changes in PA, diet, and BMI using multivariable equations developed using 2001-2010 continuous National Health and Nutrition Examination Survey (NHANES) data. The equations included measures of PA expressed in METs and dietary recall measures, including total daily calories and grams of fat, carbohydrates, and sugar. NHANES data were used to assign initial health and BMI measurements to the simulated population and then to estimate the impact of changes in health behaviors on changes in BMI over time.
Each simulated agent was initialized using a two-step process. First, age, sex, and ethnicity were assigned with the distribution of these demographic variables across the simulated population set equal to those in the 2010 U.S. Census. Second, each agent's initial BMI, level of PA, and diet were set conditioned on that agent's demographics. The distribution of each factor across the simulated population was set equal to the distribution observed for that agent's corresponding demographic group in the NHANES sample, scaled to the U.S. child and adolescent population.
The model represents changes in BMI for a simulated population over time, but the NHANES provides a series of crosssectional estimates. To account for this difference, annual changes in BMI were estimated on the basis of age, sex, and ethnicity trends. The relative BMI remains constant until a policy intervention causes it to trend downward to a new level consistent with expected changes in behavior from the intervention. Each policy was introduced in the model independently.
Next, a systematic process was used to search and review the literature on 26 recommended policies for preventing childhood obesity. The list was narrowed to three policies in a two-step process using multiple criteria, including effectiveness, potential reach into the general population and high-risk groups, feasibility, acceptability, precision of information for modeling, and potential impact on childhood obesity.
Effectiveness was rated as "unknown," "emerging," "promising," "effective (second tier)," or "effective (first tier)." 11 The other criteria were rated low, medium/moderate, or high. The policies would (1) strengthen and expand federally funded afterschool programs to promote PA; (2) enact a $0.01/ounce excise tax on sugar-sweetened beverages (SSBs); and (3) ban fast food TV advertising targeting children aged 12 years and under. These policies target key obesity-related behaviors through the federal policy mechanisms of appropriation, taxation, and regulation. Table 1 summarizes the policies.
Estimating Effect Sizes
PubMed and journal article references were searched from January 2000 through July 2012 to find effectiveness data for the three policies and create average effect sizes. A systematic strategy and policy definition limited the scope of the literature search and identified key data elements for the population groups targeted by each policy. The literature search and abstraction process followed methods previously described. 12 Owing to the varied nature of evidence, the general process to determine each policy's average effect size was modified as needed. Table 2 lists model inputs. Effects of interventions enter the model through increases in PA or reductions in calories, both of which are determinants of BMI z scores.
Afterschool Physical Activity Programs
The literature search generated 55 potentially relevant articles. Inclusion and exclusion criteria identified 16 articles suitable for abstraction. To be abstracted, studies needed to evaluate an afterschool intervention or program, report measures that could be used in the model, have a sample size of at least 50, describe an intervention that resembled a typical afterschool program, use randomization or a pre-test/post-test design, require participants to engage in PA, and be conducted in an Organization for Economic Cooperation and Development country. One article was eliminated during abstraction because the intervention was unclear.
Effect sizes for the 15 articles [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] were summarized by sample size; sex; race; location; age (school grade); baseline BMI (normal or obese); program adherence; intervention design; and intervention intensity. Because most studies did not provide sample demographics, effect sizes were averaged across all racial/ethnic groups. The policy was modeled such that all programs were offered to all youth for the entire year. The modeled intervention combined individual interventions using sample sizes and demographic breakdowns as weighting factors.
Sugar-Sweetened Beverage Excise Tax
No well-controlled trials were found that directly assessed an excise tax's impact on youth SSB consumption or the relationship between SSB consumption and childhood obesity. Instead, the literature search yielded well-controlled, econometric studies using observational data that showed a negative association between increased taxes on SSBs and SSB purchases. Few studies quantified the impact of a SSB tax or price increase on childhood obesity prevalence, and those that did were based on econometric forecasts.
However, two key associations were found in the literature [28] [29] [30] [31] [32] [33] : (1) between SSB consumption and per-ounce excise taxes and (2) between BMI and existing state-level soda taxes. From these studies, it was estimated that SSB consumption decreased by 25% among children and 35% among adolescents because of reduced purchasing resulting from the excise tax. The policy's impact on obesity resulted from reduced consumption of sugar and total calories, assuming complete substitution with a zero-calorie beverage. A composite SSB was created on the basis of the nutritional content of ten calorically sweetened beverages.
Ban on Fast Food Television Advertising Targeting Children
No studies were found that directly evaluated the impact of restricting advertising on youth consumption of high-calorie, low-nutrient foods/beverages. The literature search also did not identify any observational or experimental studies in the U.S. that examined the same issue. Instead, it yielded observational studies that explored the association between exposure to advertising and consumption of certain types of food, food purchases, or BMI. Direct evidence appears limited to observational data assessing the impact of Quebec's ban on child-directed advertising on fast food purchases. 34 Therefore, this analysis limits the impact of an advertising ban to fast food and uses an age limit of 12 years because research shows children under this age do not understand advertising's persuasive intent and cannot cognitively defend themselves from its effects. 35, 36 Two estimates of changes in purchasing following the advertising ban were derived and applied to modeled individuals consuming two or more fast food meals per week. The ban's impact was assumed to be two to three fewer meals per week for children, whose parents purchase most fast food, and three to five fewer meals per week for adolescents, who can purchase fast food themselves. Although the policy targets children, the analysis included adolescents to show that the effect continues into adolescence.
The policy's impact on obesity was modeled through dietary change (reduced sugar, carbohydrates, fat, and total calories). A composite fast food meal was created by averaging adult or children's portions of main dishes, sides, and beverages from 23 large fast food chain restaurants. Adult portions were included because adolescents eat adult meals. These restaurant-specific meals were then averaged to create the composite meal. A meal meeting the 2012 National School Lunch Program standards was assumed to be substituted for each fast food meal not eaten, which would result in an average of 504 fewer calories and 94 fewer grams of sugar consumed per week. Table 3 summarizes baseline obesity rates and behaviors for the simulated school-aged population. Consistent with the underlying data, nearly 20% are obese and considerable racial and ethnic disparities exist. Just over one quarter of children meet the recommended 1 hour of daily PA, whereas only one in five adolescents do. Approximately one third of the simulated youth consume SSBs at least twice per day (32.3%) and fast food at least twice a week (35.4%). Table 4 summarizes each policy's predicted impact on PA or diet in 2032. Afterschool PA programs would increase the number of children and adolescents who met the daily PA recommendation by 7.7% and 7.4%, respectively. This change would represent an additional 25 minutes of moderate-to-vigorous PA per day. A $0.01/ounce SSB excise tax would reduce the number of children and adolescents consuming two or more SSBs per day by 11.4% and 16.6%, respectively, which translates into an average daily reduction of 1.5 beverages in children and 2.2 beverages in adolescents.
Results
The microsimulation predicted that among the three policies, the ban on child-directed fast food TV advertising would impact behaviors the most. The number of children eating two or more fast food meals per week would drop by almost 20%, and for adolescents by 18%. The policy would reduce consumption in children more than adolescents because children consumed more fast food at baseline and thus would have a greater potential for change. Table 5 summarizes the policies' potential impact on rates of overweight and obesity in 2032. Obesity would decline, but overweight would increase slightly as obese individuals lose weight. The afterschool policy would reduce obesity prevalence in children by 1.8 percentage points and by 1.9 points in adolescents. The microsimulation predicted that disparities would decrease for black and Hispanic adolescents, with obesity decreasing by 2.3 and 2.4 percentage points, respectively, compared to 1.6 for whites. The change would be similar for children. The predicted impact of afterschool PA programs on disparities reflects higher baseline rates of obesity among blacks and Hispanics and the non-linear relationship between behavior change and BMI. For children, afterschool PA programs would have the largest impact on obesity of the three policies. For adolescents, the $0.01/ounce SSB excise tax had the largest predicted overall impact on obesity, resulting in a 2.4 percentage point decrease. Obesity would decrease by 1.6 percentage points for children. The tax would also reduce disparities, especially in adolescents. Obesity in blacks and Hispanics would drop by 3.0 and 2.9 percentage points, respectively, compared to 2.0 percentage points in whites. The greater predicted impact for black and Hispanic adolescents was despite whites' higher baseline SSB consumption. This was due to two factors: Compared to blacks and Hispanics, whites had higher income levels and are therefore less affected by a price increase, and had a lower baseline rate of obesity.
The child-directed ban on fast food TV advertising has the greatest predicted behavioral impact, but would reduce obesity prevalence the least. This is due to the substitution effect and the policy's narrow focus on fast food. Although its predicted impact on obesity is small, the large behavioral result shows that TV advertising affects what children eat. Like the other policies, its estimated impact is greater for blacks and Hispanics, who watch more TV and are more heavily targeted by food marketers than whites, and thus are more impacted by reduced advertising. 37 Although this policy targets children aged 12 years and younger, it would also reduce obesity in adolescents because their baseline consumption of fast food is decreased because of less exposure to advertising as children.
The Appendix describes the key univariate results of a sensitivity analysis.
Discussion
This microsimulation analysis suggests that long-term implementation of three federal policies could reduce childhood obesity in the U.S. To our knowledge, this study provides the first quantitative estimate of the potential impact of afterschool PA programs on U.S. childhood obesity prevalence. The use of microsimulation contributes to the childhood obesity literature because behavior change can be modeled over time in the simulated population. This approach differs from models that derive estimates from population-level trends, and provides valuable information as to how policies may impact known disparities in health behaviors and obesity in different populations.
For the SSB and fast food advertising policies, this study's effect sizes are consistent with, but smaller than, prior work owing to the use of microsimulation, narrower policy definitions, and different assumptions. In this study, a $0.01/ounce excise tax on SSBs would reduce obesity by 1.6 percentage points among 6-12-year-olds and 2.4 percentage points among 13-18-year-olds in 2032. Smith et al. 28 estimated that a 20% price increase (roughly equivalent to a $0.01/ounce excise tax) on all SSBs could reduce childhood obesity prevalence by 2.9 percentage points. Sturm and colleagues 29 estimated that an 18% differential soda tax (i.e., the difference between the regular state sales tax and the higher soda tax) would correspond to a 20% reduction of the excess BMI gain seen between the third and fifth grades if the tax impact is linear. According to the present study, a ban on childdirected fast food TV advertising would reduce obesity among children and adolescents by nearly 1 percentage point in 2032. Chou et al. 38 estimated that banning all TV fast food advertising would reduce the number of obese children aged 3-11 years by 18%. The model of Veerman and colleagues 39 predicts that a ban on all TV food advertising would reduce obesity prevalence among U.S. children aged 6-12 years by 2.5 percentage points. The bans in both studies are much broader than in this study.
All three policies could reduce childhood obesity prevalence, particularly among blacks and Hispanics, who have higher rates of obesity than whites, thus demonstrating that federal policy could alter the childhood obesity epidemic. Although the microsimulation predicts that each policy would reduce obesity in children and adolescents, the $0.01/ounce SSB excise tax has characteristics that make it the best option.
It reduces obesity while generating significant revenue for additional obesity prevention activities. Andreyeva et al. 40 estimated that a national $0.01/ounce SSB excise tax would have generated $13.25 billion in 2010. It would also reduce obesity among adults who consume SSBs, does not require substantial federal funding to implement (unlike the afterschool policy), and would not face the legal hurdles that new regulations often encounter.
Unfortunately, reduced federal spending, industry lobbying, a contentious political environment, and legal protection for commercial speech hinder nearterm implementation of any of these policies. However, over the long time frame included in this analysis, the infeasible may become feasible as the evidence base for these policies grows and changes in public knowledge increase calls for stronger governmental action.
Research showing the harm of consuming SSBs coupled with the need for new revenue sources may spur Congress to consider a national SSB excise tax. The courts may recognize that young children need protection against the damaging influence of junk food advertising, as was done previously for tobacco and alcohol advertising, or the federal Interagency Working Group's voluntary marketing guidelines could be implemented. In the meantime, the findings support state-and local-level action to enact SSB excise taxes, promote PA in afterschool settings, and reduce marketing and advertising of unhealthy foods and beverages in public schools. 
Limitations
This study has several limitations. Modeling childhood obesity is challenging and others believe attempts should stop at energy balance owing to insufficient data on the association between changes in behaviors and changes in BMI z scores. 41 We agree that the challenges are significant, but attempts to examine policy impact on childhood obesity have relevance. These results are only as accurate as the method used for translating short-term study results into multiple-year effects and the reliability of cross-sectional data in determining how changes in PA and diet impact BMI z scores.
Although strong survey surveillance systems allow robust estimation of baseline trends, there are little effectiveness data for the SSB and advertising policies, particularly in children, and existing data often come from observational studies. To broaden the evidence base, international studies were included in this analysis, which may limit applicability in the U.S. In addition, the estimated policy impact is sensitive to the model assumptions. For instance, substituting a caloric beverage, rather than a zero-calorie beverage, can reduce the SSB policy's estimated impact by more than 60%.
In the absence of data on substitution effects in food consumption resulting from an advertising ban, it was assumed that a lower-calorie meal would be available and consumed instead. Another limitation is the inability to assess interaction effects among the three policies or with existing policies, such as state-level physical education policies. In this analysis, policies were assessed independently, but to reverse the childhood obesity epidemic, a comprehensive set of national policies would need to be implemented.
Conclusions
The three federal policies in this analysis could each reduce childhood obesity prevalence by 2032. However, a national $0.01/ounce SSB excise tax is the best option given its ability to generate revenue for additional obesity prevention activities and reduce obesity among SSBconsuming adults.
